This paper presents the results of a survey of academics affiliated to the universities that are members of the Consortium of Academic Libraries of Catalonia (CBUC), and an analysis of the availability in the libraries of these universities, of the references cited in a sample of articles published by these academics. The results reflect the major importance that researchers assign to scholarly journals as the main source of scientific information. Most state that they use electronic journals either exclusively or in any case more than print journals, a preference that is higher among younger scholars. With regard to frequency of reading, four out of ten researchers state that they read journals virtually every day, while nine out of ten report that they do so at least once a week. Scholars claim that the obstacles they face when trying to download an article are related to the lack of subscriptions. However, the availability study showed that most of the articles cited in their publications are available at least at one of the CBUC libraries. Though most researchers keep a copy of the articles they consult, just over a third of them use some kind of reference management software.
Introduction
Studies of how academics use scientific information are of great interest to all the stakeholders involved in scholarly communication and, especially, to academic libraries interested in the value of their investments in information resources. During the last two decades there have been enormous quantitative and qualitative improvements in access to scholarly information. The organisation of libraries in consortia and publishers' offers of bundled journal deals have increased the number of journals available to end users. Today, scientists at universities and research centers in the developed world have at their disposal a wide arrange of toolscatalogs, databases, metasearch engines, alert services -that allow them to discover bibliographic resources to which they can usually gain instantaneous online access. In this context, it is important to investigate how the increase in the quantity of information available, the enhancement in accessibility, and the improvements in discovery tools affect researchers' information behavior in order to refine and improve library services.
This study aims to investigate how the changes in access to scholarly information affect the behavior of the academic staff in the Consortium of Academic Libraries of Catalonia (CBUC, http://www.cbuc.cat). The CBUC comprises the eight public Building upon previous results, this study aims:
-To determine the importance assigned by scholars to different information channels. -To observe the evolution in the use of print and electronic journals at Catalan universities. -To measure the frequency of use of journals, the range of journals read and the sources of reading. -To determine the main obstacles researchers face when accessing scholarly journals and the strategies they use to overcome these barriers. -To learn more about how researchers manage information, whether they keep local copies of the articles they read and whether they use any reference management software.
-To discover what types of sources are cited in the scholarly output of Catalan academics and to measure the local availability of the journals cited.
Methodology
The research was carried out in two stages. In the first stage, a survey was conducted of the information behavior of active researchers at Catalan universities. Additionally, the characteristics and the availability at the CBUC libraries of a sample of the sources cited in the scholarly outputs of these scholars were recorded.
Survey
Previous research in the same setting (Borrego et al., 2007) suggested that research is the main motivation for consulting scientific journals. Thus, the present survey was addressed to active Catalan researchers who were defined, for the purposes of this study, as those who had published at least one article in a journal indexed in the ISI Web of Science (Science Citation Index, Social Science Citation Index and Arts & Humanities Citation Index) during 2008. This procedure allowed us to aim the survey at a group of academics who are probably the main users of scholarly information resources and who know the subject under investigation particularly well.
The choice of the Web of Science as the source for the sampling also offered practical advantages. This citation index lists the email addresses of the authors of correspondence of the articles, so the questionnaire could be distributed electronically through a survey manager solution developed by Netquest, a Spanish market research company.
However, the choice of the Web of Science also presented several limitations. The results are not representative of the entire academic staff at Catalan universities, but of a group of academics who are probably more inclined towards the use of scholarly information sources for research purposes. Although we compare the present results with those obtained six years ago in a survey addressed to all academics at Catalan universities, there are two differences that limit the comparability of the results. On the one hand, the presence of part-time lecturers is very limited in this survey (4% compared to 22% in the previous one), since they publish less than full-time lecturers. Also, due to the coverage of the Web of Science, researchers in the hard sciences are over-represented, in detriment of those in the social and legal sciences and the humanities. Researchers in the social and legal sciences and in the humanities tend to publish fewer journal articles -and more books -and they do so in national journals not covered in the Web of Science (Huang and Chang, 2008) , thus explaining their low figures in the sample.
The questionnaire was based on several sources. Some questions were replicated from the previous survey conducted in 2005 in order to observe any evolution in the topic under investigation. In addition, some questions were derived from two recent questionnaires used by Nicholas et al. (2010a) in the United Kingdom and Niu et al. (2010) in the United States. The resulting questionnaire was divided into four parts. In the first part there were eight questions on the typology and frequency of use of information sources and on the management of information by academics. This section was followed by three questions in the form of a critical incident concerning the discovery, reading and access to articles. Afterwards, respondents were asked for their demographical details and, finally, they were offered the opportunity to make comments and were asked about their availability for an in-depth interview on the topic under investigation. We also presented answer options to informants in random order so as not to influence responses for two questions in the survey, which addressed researcher's behavior.
In May 2010, the scientific output (limited to articles and reviews) published by scholars affiliated with Catalan universities during 2008 was extracted from the Web of Science, using the following search strategy: The names of the universities used in the search are indicated in Table 1 and were obtained after several searches to identify the affiliations most commonly attributed to the each university. A total of 6,212 publications were identified: 5,855 articles and 357 reviews. From these 6,212 records, 2,299 authors of correspondence with an email address at a Catalan university were identified. In January 2011, a pilot test was distributed among a sample of 100 subjects. Forty-two answers were received and analysed. As a consequence, the wording of some questions was changed and the questionnaire was sent to the remaining 2,199 subjects in February 2011, with three reminders during March.
The sample was obtained from a population of articles published in 2008. Considering that in some cases these articles had probably been submitted well before and taking into account the time lapse in some journals between receipt of the manuscript and publication, a certain degree of subject disappearance was expected. Two hundred and twenty-five messages were returned because the email address no longer existed. Out of the 1,974 subjects who received the email message with the link to the survey, 910 (46%) replied, and their responses are the ones analysed in this article.
Availability study
In the second stage of the study, the references cited in a sample of the scholarly outputs published by these researchers were analysed. The references cited in articles and reviews were analysed separately. The reason for this distinction was that previous results (Ollé and Borrego, 2010a) had shown that accessibility is a key element when deciding to consult a source and some scholars decide that articles that are hard to find can be substituted by more accessible ones. However, it seems more difficult to justify this decision when writing a review where a comprehensive coverage of the subject under investigation is expected. Therefore, we hypothesised that the degree of availability of the references cited in journal articles would be higher than that of the references cited in reviews.
The sample size for a confidence level of 95% and a precision of 5% was set at 361 articles and 186 reviews. Articles included 12,465 references whereas reviews included 19,053. Each reference was classified according to the type of source it referred to -i.e. journal articles, books, conference proceedings, etc.
-and its year of publication was recorded. In the case of cited journal articles, the journal title was recorded, and its availability in any CBUC library was checked through the CBUC union catalog.
Results

Subjects' characteristics
A total of 910 answers to the questionnaire were obtained. As expected, the disciplines of the surveyed subjects were strongly influenced by the coverage of the Web of Science. There was a strong presence of researchers in the exact and natural sciences (42%), health sciences (24%) and engineering (22%). In contrast, the presence of researchers in the social and legal sciences was low (10%) and that of humanists just testimonial (2%). As a consequence, the answers of researchers in humanities were removed from the sample when analysing differences according to discipline.
Information sources
Journals were considered the main scholarly information source by all researchers, irrespective of their discipline: 97% of the respondents described them as "very important" and the remaining 3% considered them "important." In second place, 85% of respondents described books and monographs as "very important" or "important" and 53% considered Web sites "very important" or "important," thus exceeding conference proceedings (49%), reports and working papers (39%), dictionaries and encyclopaedias (25%) and patents (23%). Around 100 respondents ticked the "others" option to include a wide range of sources: informal talks with other researchers, software code, conferences, clinical practice guides, manufacturers' literature, archaeological reports, dissertations, workshops, etc.
Figure 1. Information sources described as "important" or "very important"
As expected, there were differences in the degree of importance attached to each information source according to the discipline of the scholar. Thus, conference proceedings were considered more important among academics in engineering ( 2 =92.403, df=9, p<0.001), whereas books were perceived as more important among researchers in the exact and natural sciences ( 2 =35.265, df=6, p<0.001). Reports and working papers were considered more important by scholars in the social and legal sciences ( 2 =67.085, df=9, p<0.001).
Journal reading
More than two thirds of respondents (68%) read journals exclusively for research purposes, whereas the remaining 31% stated that they consult journals both for research and teaching purposes. Younger researchers -i.e. those under thirty-nine -tended to read journals exclusively for research, whereas more veteran scholars -i.e. those in the fifty to fifty-nine range -stated that they read journals both for research and teaching purposes ( 2 =14.510, df=3, p<0.002). There were also differences according to the field of research with scholars in engineering and exact and natural sciences being more inclined to read journals exclusively for research purposes and those in the health sciences reading journals both for research and teaching activities ( 2 =49.422, df=3, p<0.001).
Regarding the format, 91% of respondents stated that they use electronic journals exclusively (31%) or mainly (60%). There was a significant relationship between the age and the format of the journals read, with younger researchers -i.e. those under thirty-nine -using electronic journals more frequently. On the other hand, the use of electronic and paper journals at a similar rate or the use of mostly print journals was higher among researchers older than 60 ( 2 =64.676, df=9, p<0.001). When asked about the frequency of their journal reading, 42% of respondents stated that they read scholarly journals virtually every day, and more than 90% of the researchers stated that they read scholarly journals at least once a week. However, the daily reading of journals was more usual among researchers in the health and exact and natural sciences, whereas less intense frequency in the reading was observed among scholars in engineering and in the social and legal sciences ( 2 =60.396, df=12, p<0.001). Regarding the diversity of journals read, 39% of the researchers said that every month they read articles from some six to ten journals, while 26% consulted articles from one to five journals. No statistically significant relationship was observed between the age of the scholars and their frequency of use of journals ( 2 =17.790, df=12, p<0.116) or the amount of journals they read ( 2 =15.295, df=9, p<0.083). However, there was more scattering in the amount of journals read by scholars in the health sciences (who were more inclined to use more than 15 journals in a month) than in other fields, such as engineering, where more scholars tended to read in the range of one to five journals monthly ( 2 =92.384, df=9, p<0.001). When asked about the main obstacles they face when trying to download articles, most answers were related to the lack of subscriptions: 52% of the respondents (456 subjects) said that "often" or "very often" they are asked to pay for access and 49% (432 subjects) said that "often" or "very often" they are told that their institutions have no access to the journal. A lower 34% (295 subjects) said that they are asked for a password they do not have, 12% (102 subjects) said that they find broken links and 8% (64 subjects) said that they are asked for a password they do not remember.
Those informants that ticked the "other difficulties" option identified problems that were mostly infrequent: lack of access to the backfiles of some journals, problems with the browsing process, difficulties in off-campus access and lack of access to the most recent articles.
When asked about their strategies if they cannot gain full-text access to an article they want to read, the main option (62%) is to search for it online somewhere else. Additionally, 38% of respondents would refer to the interlibrary loan service, ask the author for an offprint (34%), search for an equivalent or similar article (34%) or search for a print copy (32%). In 12% of the cases they would simply abandon the search. In addition, 11% of respondents chose the "other" option. In this case the most common answer -60 of the 96 answers recorded -was to ask a colleague from another institution who had access to a copy. Finally, some respondentsfewer than five in each case -stated that they would purchase the article, limit themselves to the abstract, or check with the librarian.
Interestingly, younger researchers -i.e. those under thirty-nine -were more likely to use the interlibrary loan service ( 2 =19.750, df=5, p=0.001), whereas older researchers -i.e. those over fifty -tended to search online somewhere else ( 2 =20.724, df=5, p<0.001) or search for equivalent or similar content ( 2 =25.685, df=5, p<0.001).
Searching and reading behavior
To examine search behavior, the critical incident technique was used, and researchers were asked to explain their behavior in relation to a recently-read article that caught their attention for whatever reason. When asked how they found the article, 31% of the respondents stated that they had found it through a bibliographic database, while 23% had found it cited in another source, 11% through an email alert, and 9% through a search engine. Regarding how they read the article in question, most respondents stated that they read it through quickly to get the main points (26%) or read it through once completely (26%). A smaller amount of researchers stated that they read several whole sections (19%) or the entire article more than once (17%). Finally, if they wanted to retrieve the article again, most would refer to the copy they kept, either digital (56%) or printed (25%), whereas 16% of the respondents would search for the article again. 
Information management
Just 38% of the respondents stated that they use a reference management software tool. However, this relatively small percentage of academics uses a very wide range of programs. The most-used program is EndNote -used by 36% of those who use reference management software -which is distributed jointly with a national licence of the Web of Knowledge. A quarter of the informants (26%) use RefWorks, which is consortially licensed by the CBUC, 22% use BibTeX and 19% Reference Manager. Although they do not specifically come under the heading of reference management software, the survey included the options MS Word (9%) and MS Access (2%).
Other programs mentioned by respondents included JabRef, Mendeley, Papers, and Zotero.
When asked if they kept a copy of the articles they use, 87% of respondents answered that they do and were subsequently asked about the size of their collections. Digital collections now exceed the size of print article collections, and as could be expected, older scholars tend to store more print articles than their younger colleagues ( 2 =87.504, df=12, p<0.001). 
Types of sources cited
The sample of 361 articles and 186 reviews published by Catalan academics in journals indexed in the Web of Science during 2008 included 12,465 and 19,053 references respectively. These references were mostly to journal articles and, to a much lesser extent, to books, book chapters, and conference proceedings. Focusing on journal articles, the degree of scattering of the journals cited was much higher among articles than among reviews. In the case of journals cited in articles, 38% of the cited journals (1,090 journal titles) were required in order to obtain 80% of the references, whereas just 28% of the journals cited in reviews (892 journal titles) were required to achieve the same figure.
Another issue of interest was the obsolescence process of the references cited. In this case, data were similar across articles and reviews: 61% of the references cited in articles referred to articles published between 2000 and 2008 (63% in the case of reviews), 26% of the references corresponded to documents published during the 1990s (25% in the case of reviews), and 13% of the references cited in articles were more than 18 years old (12% in the case of reviews).
Availability of the cited sources
Eighty-nine per cent of the journals cited by Catalan academics in their articles and 84% of the journals cited in their reviews were available in at least one of the CBUC libraries. However, the availability of the cited articles was even higher, since the available journals included about 96% of the cited articles. The degree of availability of the articles was similar in articles and reviews, thus invalidating the assumption that the availability of the references cited in journal articles would be higher than that of the references cited in reviews. Finally, we analysed the temporal scattering of the non-available references. Interestingly, 24% of the non-available references in articles and reviews corresponded to articles published before 1990, whereas overall the references to articles in this period amounted to only 13% of articles and 12% of reviews. This finding may help to explain the non-availability of some references.
Discussion
The first conclusion of the study is the major importance that researchers assign to scholarly journals as the main source for scientific information. This result is consistent with the observations traditionally recorded in information behavior studies in academic settings. As Tenopir and King (2000) pointed out in a synthesis of their readership survey series conducted at American universities: "in every survey we conducted, scientists were observed to read many more scholarly articles than any other type of document."
After journals and books, Web sites were ranked the third most important source of information. This finding is consistent with those reported by Niu et al. (2010) at five American universities, where researchers stated that they used journals, Web sites, and personal communications daily in their research activity. As the authors point out, until recently surveys on academics' information behavior failed to include the option of Web sites as a source of information, but now their presence has become unavoidable. In a similar fashion, King et al. (2009) found that Web sites were the source of one-third of the readings among researchers at five American universities, while a survey by Nicholas et al. (2010) in the United Kingdom found that more respondents rated Web sites and blogs as being more important for their research than traditional sources such as conference papers or working papers.
Research is the main motivation for consulting scholarly journals. More than twothirds of the researchers surveyed stated that they consult journals mainly for research purposes. On this point the results differ notably from the findings of the 2005 study carried out in the same setting (Borrego et al., 2007) , when 54% of the researchers stated that they used journals for research and teaching purposes, whereas 37% only used them for research aims. This difference is probably related to the differences in the sampling procedure: whereas the 2005 questionnaire was addressed to all the lecturers that used the library, in this case it was addressed to active researchers, defined as those who had published at least one article indexed in the ISI Web of Science during 2008. Therefore, the larger proportion of academics reading journals exclusively for research reasons seems logical. Similarly, the larger proportion of young researchers who stated that they use journals exclusively for research can be explained by the fact that they are very active in research in order to consolidate their scientific careers.
and fifteen (18%) or more than fifteen journals (15%) monthly, with a higher degree of scattering in the case of scholars in the health sciences.
The main obstacles users face when they want to download an article are related to the lack of subscriptions: they are asked to pay to download it, or they are told that their institutions do not have access to the journal. These data seem at variance with the results of the availability study performed in the second phase of the study.
Although the results of this second stage are taken from only a sample, it seems paradoxical that about half of the surveyed researchers stated that they have frequent or very frequent problems when nine out of ten journals cited in their publications are available at one library or another of the consortium. Further research on this issue will be necessary in order to detect the cases that are provoking dissatisfaction among researchers.
To a much lesser extent, other problems mentioned by researchers include broken links, requests for passwords, lack of access to backfiles, and excessive length of browsing or proxy configuration. The complaint about the lack of access to the backfiles of some journals may be related to the temporal scattering of the references included in the researchers' publications. As shown in the second phase of the study, it seems that researchers consult and cite a relatively high amount of old journal volumes which, in some cases, may not be available in the library. The problems related to the configuration of the proxy highlight the phenomenon of offcampus access during non-working hours. According to a recent study of the logs of ScienceDirect at British universities, a quarter of the articles are downloaded outside normal working hours (Nicholas et al., 2010b) .
In those cases when researchers cannot get access to the full text of an article they wish to consult, they mostly search for whether it is available online somewhere else. Probably search engines are used to this effect, especially Google and Google Scholar, as shown in previous studies (Ollé and Borrego, 2010a) . Additionally, researchers surveyed stated that they use the interlibrary loan service (interestingly, this option was more popular among younger researchers), ask the author for an offprint, search for another article with similar or equivalent content, or search for a printed copy.
Regarding search behavior, nearly one-third of readings are found through bibliographic databases, followed by references found in reading other texts, email alerts and search engines. Despite the growing reliance on Google for literature searches, bibliographic databases continue to be an essential source of information. When Niu et al. (2010) asked scientists to identify the search tools they used, the main ones reported were bibliographic databases, followed by general Web search engines. In the study by Nicholas et al. (Nicholas et al., 2010a) , bibliographic databases and email alerts were considered the two main channels for identifying scientific bibliography.
Regarding the ways in which researchers read articles, the respondents stated that they skim-read them to glean the main points or read the complete article once. To a lesser extent, they read some whole sections or read the complete article more than once. Previous research (Rowlands, 2007; Tenopir et al., 2009 ) had already concluded that in the electronic era, though scientists read more from a wider range of sources, and they spend more total time on reading, on average they spent less time per article. Similarly, in a previous study in the same setting (Ollé and Borrego, 2010a) , it became clear that, as a result of the increase in the volume of information available, researchers consult more articles. However, this increase in the number of readings implies a modification of their reading habits, with most researchers stating that they read more superficially.
When researchers were asked whether they kept a copy of the articles they consult, 87% replied affirmatively. These respondents were asked about the size of their collections. The volume of personally stored digital collections already exceeds that of personally stored print collections. However, hardly more than a third of researchers use reference management software. Although this percentage is low, the diversity of software employed is very wide: 23% of users report that they use two programs, while 4% of them use three. EndNote is the most-used program, followed by the consortial licence of RefWorks. So far, these results are consistent with those of Niu et al. (2010) in the US who found that while 85% of researchers have personal collections of research documents, just half of them organise them in a database; meanwhile, interviews with scholars in the CBUC (Ollé and Borrego, 2010a) showed that the majority of researchers have problems in organising the information they use for academic purposes. However, a focus group with librarians at CBUC libraries (Ollé and Borrego, 2010b) suggested that the growing success of RefWorks among academics was reflected in the fact that training sessions are usually full. This success also seems to be reflected in the almost fivefold increase in the number of sessions of RefWorks at the CBUC between 2006 and 2010. Further research on this issue will be necessary in order to explain these discrepancies. When asked how they would retrieve an article if they wanted to re-read it, researchers would mostly (81%) consult the copy they keep either on their computers or in print, a percentage that is close to the 87% that stated that they keep a copy of the articles they read. These results suggest that researchers do not find it necessary to use reference management software to organise their collections, and are able to retrieve personally stored copies when necessary.
Bibliographic references included in the articles published by Catalan academics during 2008 correspond mostly to journal articles. Again, these results are consistent with those described previously, which note the importance that researchers assign to scholarly journals as the main source for scientific information. The availability of these sources at the CBUC libraries is very high: 96% of the articles cited in the articles and reviews of Catalan academics are available at one CBUC library or more. This high degree of availability is logical, given the range of journals on offer: fewer than 3,000 journals were cited, while the CBUC consortium subscribes to some 16,000 journals. The degree of availability was similar for the references cited in articles and those cited in reviews.
Conclusions
This paper presents the results of a survey of researchers affiliated to the universities in the CBUC and an analysis of the availability in its libraries of the references cited in a sample of articles published by the same researchers. The aim of the study is to offer relevant information on how researchers use scientific information resources in order to help guide library policies.
The results confirm the major importance that researchers give to journals as the main source for scientific information, thereby justifying the money that libraries spend on subscriptions. Journals are essential for researchers, and they read them intensively: four out of ten researchers stated that they read journals virtually every day, and nine out of ten at least once a week.
As previous research suggested, electronic journals have become the preferred format. Younger generations are especially inclined toward using this format, though its use is generalised across all generations. The main obstacle that users face when they want to download an article they believe of interest to them is the lack of subscriptions. However, this point requires further research, since according to the results of the availability study performed in the second phase of this study, 96% of the articles cited in their publications are available at one library or another in the Consortium.
Although most researchers keep a copy of the articles they consult, just over a third of them use some type of reference management software. Previous research has shown that scholars have problems managing information and the large amount of articles they store. These results suggest that researchers do not find it necessary to use reference management software to organise their collections, and are able to retrieve personally stored copies when necessary.
